Purpose To evaluate the effect of a combined or a single educational intervention on the prescribing behaviour of general practitioners (GPs). The primary endpoint was effect on inappropriate prescribing according to the Medication Appropriateness Index (MAI). Methods General practitioners were randomised to either (1) a combined intervention consisting of an interactive educational meeting plus feedback on participating patients' medication, (2) a single intervention with an interactive educational meeting or (3) a control group (no intervention). Elderly (>65 years) patients exposed to polypharmacy (≥5 medications) were identified and approached for inclusion. Data on medications prescribed over a 3-month period were collected, and the GPs provided detailed information on their patients before and after the intervention. A pre-and post-MAI were scored for all medications. Results Of the 277 GPs invited to participate; 41 (14.8%) volunteered. Data were obtained from 166 patients before and after the intervention. Medication appropriateness improved in the combined intervention group but not in the single intervention group. The mean change in MAI and number of medications was −5 [95% confidence interval (CI) −7.3 to −2.6] and −1.03 (95% CI −1.7 to −0.30) in the combined intervention group compared with the group with the educational meeting only and the no intervention group. Conclusions A combined intervention consisting of an interactive educational meeting plus recommendations given by clinical pharmacologists/pharmacists concerning specific patients can improve the appropriateness of prescribing among elderly patients exposed to polypharmacy. This study adds to the limited number of wellcontrolled, randomised studies on overall medication appropriateness among elderly patients in primary care. Important limitations to the study include variability in data provided by participating GPs and a low number of GPs volunteering for the study.
Introduction
As the world's population ages, the number of patients exposed to polypharmacy is increasing [1] [2] [3] . The increased number of medications used by a patient correlates with poorer compliance, increased risk of drug-drug interactions and adverse drug reactions (ADRs) and increased economic burden [4] [5] [6] [7] [8] [9] .
Many studies have shown that inappropriate prescribing is a common problem among the elderly in different settings. The scale of the problem is difficult to assess due to limitations associated with the selection of a standard and publication bias [16] [17] [18] . Improving medication use would have important financial and public health benefits, and many attempts have been made to find methods of improving the quality of prescribing in various settings [19] [20] [21] . However, only a limited number of well-controlled studies have examined the effect of different strategies on prescribing quality in primary care. None of these examined the effect on all medications taken by participating patients [22] .
The purpose of the study was to investigate whether a combined intervention consisting of an interactive educational meeting for general practitioners (GPs) plus recommendations on specific patients registered with those GPs would improve the overall appropriateness of prescribing compared to an interactive educational meeting alone or no intervention.
Methods
This was a randomised, controlled intervention study carried out within the framework of primary health care in Copenhagen County, Denmark.
Participants
Each GP with a single-handed practice in the County of Copenhagen (n=277) was sent a letter inviting him/her to participate in the study; 41 GPs (14.8%) ultimately volunteered.
Each GP was asked to recruit six patients who were randomly selected by the authors from a list produced by the county of Copenhagen of all the elderly polypharmacy patients registered with the GP. Eligibility criteria included: (1) aged 65 years and older; (2) taking five or more regularly scheduled medications over a 3-month period prior to recruitment according to a database used to record the drug subsidy system of Danish pharmacies; (3) capable of giving informed consent. In all, 303 patients were approached; 212 gave informed consent and data on 166 of these 212 patients were collected before and after the intervention period. The derivation of the study population is shown in Fig. 1 .
Data collection
For each patient, 3 months of prescription data were collected before and after the intervention, respectively. Based on these data, the GPs were asked to provide information on the patients' medical history. Detailed information on all subsidised and non-subsidised medications used by the patients were recorded on standard forms. These forms contained questions on the indication for use (illnesses, symptoms, laboratory findings etc.), medications previously used for the same indication, reasons for medication changes, expected treatment effect, follow-up method, start of treatment, expected duration, results of latest follow-ups, dose (reason for sub-optimal dose if applicable) and instructions given to the patients.
The GPs were contacted for clarification regarding missing information. If data were not obtainable, it was decided to rate the item as 'appropriate'. Only medications prescribed by or known to the patients' own GPs were included. Topical, dermatological medications and medications not used regularly were not analysed. Medications were classified according to the Anatomical Therapeutic Chemical Classification System (ATC).
Interventions
The GPs were randomised to the following three 'intervention' groups according to a computer-generated randomisation list prepared by a consultant statistician ( Fig. 2 ):
1. a combined intervention consisting of an interactive educational meeting on the subject of polypharmacy in the elderly plus feedback on participating patients' medication, 2. a single intervention with an interactive educational meeting, or 3. a control group.
The GPs were informed about the group assignment after baseline data had been collected.
Main outcome measures
The appropriateness of prescribing was measured by using the Medication Appropriateness Index (MAI). This index was chosen because it addresses and quantifies many relevant elements of drug prescribing. One of two groups of evaluators scored the MAI before and after the intervention for every medication used by the patients. Post-intervention ratings were scored approximately 1 year after the baseline rating. The evaluator groups were blinded to the intervention group of the GPs and to the identity of the patients and GPs; however, age and gender of the patients were known.
The MAI incorporates explicit criteria and uses implicit instructions. It consists of ten criteria rated for each medication: (1) indication, (2) effectiveness, (3) dosage, (4) directions correctness, (5) directions practicality, (6) drug-drug interaction, (7) drug-disease interaction, (8) duplication, (9) duration and (10) expense. The evaluator groups rated whether a criterion was 'appropriate', 'marginally appropriate' or 'inappropriate'. A weighted MAI score was calculated for each medication (see Appendix), and a MAI score per patient was calculated by summing weighted MAI scores for all medications used by the patient. Thus, the patient MAI score depended on the number of medications taken by the patient and the MAI score per medication. A MAI score per GP was calculated by taking the mean patient MAI for the patients of that particular GP. Due to the results of an earlier study indicating better intra-than inter-rater reliability when rating the MAI, it was decided that whenever possible the same group should rate the same patients before and after Fig. 1 Derivation of the study population. GP General practitioner, MAI Medication Appropriateness Index the intervention. All combinations of medications were controlled for potential interactions, which were defined as class 1 or class 2 interactions according to the top 100 drug interactions described by Hansten and Horn [23] . Other interactions deemed to be clinically important to the specific patient were rated as inappropriate.
In the rating of criterion 10, the price of the medication, a medication was rated as inappropriate if there was an alternative of equal utility that was more that 25% cheaper than the medication chosen. As Denmark has a system of automatic generic substitution at pharmacies unless the GP opposes substitution by means of a written note on the prescription itself, we mainly concentrated on analogue alternatives.
The treatment of the patients was also assessed from the information provided by the GPs. A patient was considered to be under-treated if the assessors judged that a new medication should be added in order to follow best practice of treatment for a specific disease.
Interventions
Following randomisation, GPs in both intervention groups participated in an interactive educational meeting on the subject of polypharmacy and appropriateness of prescribing. The meeting included background information on the causes and consequences of polypharmacy, areas of concern in the treatment of the elderly and group discussions on patient cases. The GPs in the combined intervention group also received written recommendations targeting medication problems identified while rating the MAI. Afterwards, the GPs were contacted by telephone by a senior clinical pharmacologist (JS) to discuss any uncertainties concerning the recommendations given, and the GPs were asked to send a written feedback on the implementation of the recommendations.
The GPs in the single intervention group and the control group received no advice on medication problems in this intervention study. After the study was completed, GPs in these groups were given written recommendations based on the variables identified during the scoring of the MAI and asked to give feedback on implementation.
The two different interventions were chosen in order to evaluate the effect of both a relatively inexpensive intervention (educational meetings alone) and a more expensive intervention (educational meeting and feedback with recommendations) on GPs.
Statistical analysis
To assess the comparability of continuous variables between study groups at baseline we used the KruskalWallis test and median test. Dichotomous variables were compared using the chi-square test. The Wilcoxon signed rank test was used to test for significant changes in patient MAI and number of medications in the intervention groups. The effect of the interventions on patient MAI and number of medications per patient was estimated by linear regression analyses. We used the 95% confidence interval (CI) and adjusted for number of medications and patient MAI at baseline. SPSS software (SPSS, Chicago, IL) was used for all analyses. Power calculations for the primary outcome measure assumed a difference in change in patient MAI of 3 between groups, a standard deviation (SD) of 7, an alpha of 0.05, and a power of 80%. The estimates for mean and standard deviations were obtained from previous studies using MAI. A sample size of 86 per group was required. To allow for a drop-out rate of 17% estimated from a similar study, a sample size of 100 patients per group was required.
As participation in the project was expected to be timeconsuming, the number of GPs involved was determined by a desire not to overburden the individual GP.
Results
Characteristics of the 212 patients included in the study are shown in Table 1 . For the combined and single intervention groups, the mean age of the patients was 77.1 and 75.4 years, respectively, and for the control group, the mean age was 77.0 years. Most patients were female in all three groups (68.4, 62.3 and 66.7%, respectively). There were no significant differences between the patients of the three groups in terms of the characteristics reported in Table 1 .
In terms of patient MAI at baseline and number of medications at baseline, there was a tendency for patients in the combined intervention group to have a higher MAI and to be exposed to more medications at baseline than those patients in the single intervention group and the control group. The difference was significant for baseline MAI but not for number of medications. Nevertheless, it was decided to control for both parameters in the analyses.
Overall, data were collected for 166 of the 212 randomised patients (78%). More patients died in the combined intervention group than in the single intervention group and control group (17 vs. six and eight, respectively), and more physicians in the combined intervention group omitted to submit patient information after the intervention (for 12 vs. 0 and 0 patients, respectively) than in the other groups.
Characteristics of the GPs are shown in Table 2 . For all parameters relating to GP activities, except the number of patients registered with the GP, there was a tendency for the values for GPs in the combined intervention group to be higher than those for GPs in the single intervention and control groups.
Only the difference in the parameter number of consultations was significant.
The effect of the interventions on mean patient MAI, mean number of medications and number of patients under treatment are shown in Table 3 .
The patient MAIs before the intervention for the combined intervention, single intervention and control groups were 11.2, 7.5 and 9.3, respectively, and the postpatient MAIs were 6.0, 8.2 and 10.1, respectively. Regression analysis showed that the estimated difference for the combined intervention group was a 5-point (95% CI −7.3 to −2.6) improvement in MAI score. Part of this change in patient MAI can be explained by the baseline variables alone. However, the difference in MAI is still significant after these variables had been controlled.
The change in number of medications in the combined intervention group consisted of a significant decrease of −1.03 (95% CI −1.7 to −0.30).
Pre-intervention, 21 patients assessed to be undertreated: six in the combined intervention group, ten in the single intervention group and five in the control group; post-intervention, these were four, 12 and 11 patients, respectively. Only six patients were assessed as being under-treated at both ratings. Of these latter patients, none were in the combined intervention group, three were in the single intervention group and three were in the control group. Tables 4 and 5 show that improvements were seen for all MAI criteria and therapeutic groups in the combined intervention group.
Discussion
The results from this study demonstrate that a combined intervention consisting of an interactive educational meeting for GPs and feedback to GPs on participating patients' medication by clinical pharmacologists and a clinical pharmacist can improve medication appropriateness in elderly patients exposed to polypharmacy. Furthermore, Values are the mean ± SD the combined intervention resulted in a significant decrease in the mean number of medications taken by the patients. Studies undertaken with the objective of improving prescribing appropriateness have mainly concentrated on hospital and nursing home settings [22] . Even though some studies have been targeted at GPs, the majority have concentrated on specific indicators and narrow therapeutic areas, and only a few well-controlled studies have examined the effect on overall prescribing quality. An exception is a study carried out by Allard et al., who failed to demonstrate a significant effect-measured as the change in the number of potentially inappropriate prescriptions-of mailing recommendations to the GPs concerning the medications of specific patients [24] . These researchers also found no effect on the number of medications prescribed. The authors explained the lack of effect on the fact that they used a single intervention aimed at the GPs, which is a very plausible explanation considering the number of papers published relating to the effect of interventions in general. Several authors of reviews on the area have found that multifaceted interventions seem to be more effective than single interventions [25] [26] [27] [28] [29] . Indeed, our study failed to show any effect of the single intervention, the interactive educational meeting.
A combined intervention including feedback on participating patients' medication given by clinical pharmacologists/pharmacists is more costly and time consuming than educational meetings alone. An estimate of the time needed to assess the MAI is needed in order to decide whether the intervention is cost effective and worthwhile. In addition, the time spent by GPs and/or others on collecting individual patient data and the time spent on communicating recommendations should be included in the estimate. It was not within the objective of this study to evaluate the cost effectiveness. However, according to Hanlon et al. [32] , their research assistant required approximately 45 min to prepare each medical information abstract utilised by the raters, and the raters spent approximately 10 min evaluating the appropriateness of each medication. In our study, we estimated that GPs needed 1 h per patient, before and after the intervention, respectively, in order to collect and communicate patient details; however, feedback from several GPs indicated that more time was spent per patient.
More patients in the combined intervention group than in the single intervention and control group died during the intervention study (17 vs . six and eight, respectively), and more GPs from the combined intervention group omitted to submit patient information after the intervention (12 vs. 0 and 0, respectively). The latter is probably explained by the fact that the GPs in the combined intervention group had already received the recommendations for patients, as part of the intervention, at the time of the second submission, whereas GPs in the single intervention and control groups did not receive the recommendations until after submission. Their incentive to submit the information concerning the patients was, therefore, greater. More people in the combined intervention group died, possibly because the patients in this group were sicker and exposed to more medications at baseline. The mean patient MAI and number of medications used were 12.7 and 9.5 at baseline for patients in the combined intervention group who died, whereas the corresponding numbers were 10.0 and 7.0, respectively, for all patients at baseline. The possibility exists that the higher number of deaths in the combined intervention group is a chance finding or that detrimental recommendations were given; however, the recommendations were given by wellqualified and experienced clinical pharmacologists based on available information regarding the individual patient, the disease and the treatment. The study was conducted among GPs in Copenhagen County; however, only 14.8% of the invited GPs volunteered. This could have implications regarding the results of the study or jeopardise the generalisability of the study. It is likely that GPs volunteering for such a study may be different from those GPs who did not participate in terms of their readiness to accept a second opinion on their prescribing behaviour and to accept changes. This would result in a larger intervention effect than would be generally expected. On the other hand, it is also likely that GPs volunteering were better at prescribing and therefore would not object to a second opinion, whereas GPs who recognise their own prescribing deficiencies would not volunteer in order not to feel exposed/reprimanded. This, in contrast, could result in a higher baseline performance and less room for improvement and, consequently, a decreased chance of demonstrating an intervention effect.
We suspect that many GPs did not sign up for this study because they expected it to be time consuming and to continue over a longer period of time. In addition, many GPs are likely not interested in second opinions on their prescribing behaviour. However, the reasons for nonparticipation were beyond the scope of this study.
This study has a number of potential limitations. The first limitation relates to the collection of data on which we based the MAI ratings. For logistical reasons, we did not collect data directly from the medical records of the GPs. The GPs themselves abstracted data from their medical records and submitted the information needed on standard forms. This allowed the GPs to intentionally or unintentionally modify patients' data and, consequently, the level of appropriateness prior to the intervention could have been overestimated. Both the GPs in the control group and those in the intervention groups were asked to subtract and submit data from participating patients. It is very likely that the Hawthorne effect occurred, resulting in an effect in both intervention groups and the control group which reduced the apparent effect of the intervention. In fact, Soumerai et al. who provided a critical analysis of the experimental literature on the subject of improving drug prescribing in primary care, wrote: "interestingly, several of the control groups in the randomised studies exhibited positive trends in prescribing habits as well", which indicates that this is a common problem in such studies [30] .
Another limitation relating to the data collection is that the quality and quantity of the data received from the 41 participating GPs varied considerably. Differences in data quality probably left some room for interpretation. We decided to take a conservative approach and rate items as 
appropriate in the case of missing data. This probably also resulted in an overstatement of prescribing appropriateness. A third limitation is that only medications prescribed by the patients' own GPs and non-prescription medications that the GPs knew of were included in this study. Other studies have indicated that the number of physicians involved in a patient's care is associated with more inappropriate prescribing. However, in Denmark general practice has a gatekeeper role. As a result, the GP receives notifications from hospitals, nursing homes and specialists regarding patients' treatment, and prescriptions are generally renewed by the patient's GP. Furthermore, in connection with this study, we carried out a pilot study where data from 141 of the patients also participating in this study were collected from a database allowing differentiation between medications prescribed by the patients' own GPs and medications prescribed by other physicians and hospitals. The conclusion drawn from that study was that medications used by patients exposed to polypharmacy were primarily prescribed by the patients' own GPs and that medications prescribed by other physicians were mainly renewals of medication prescriptions.
A final limitation related to the use of the MAI is that this index does not measure the clinical outcomes; therefore, the clinical significance of the ratings is not established.
Our study adds to the limited number of well-controlled, randomised studies on the overall medication appropriateness among elderly patients in primary care. Contrary to the study done by Allard et al., we found that an educational intervention aimed at modifying the prescribing behaviour of GPs did have an effect on medication appropriateness. Furthermore, due to limitations in our data collection method, the observed improvement is actually likely to be an under-estimate of the effectiveness of the intervention. Our combined intervention also had an effect on the mean number of medications taken by the patients, which is encouraging as the number of medications taken by a patient is correlated to the risk of experiencing an ADR.
Future studies should establish the clinical significance of improvement in the MAI, evaluate sustained effect of interventions and include patients more actively. Potential GP or patient barriers to enacting recommendations should be addressed, and economic implications should be studied.
